This paper reports further results from the inquiry into the social and biological background of all the stillbirths and infant deaths that occurred among the 1 million children born in England and Wales during 1949 and . The method of the inquiry was described in the first paper of the series (Morris and Heady, 1955a) as follows: 'The present inquiry, which is an epidemiological exercise in the vital statistics of infant mortality, uses the documents of birth and death registration of England and Wales, and for the first time brings them together. Information about the mother's age, the number of her children, the duration of her marriage before the birth, and whether the birth was single or multiple, is obtained at birth registration (but not for the public record); while other data, such as the age of the infant, and the cause of death, are obtained when the death is registered. Information on the social circumstances surrounding the birth or death, such as the father's occupation, the community in which the family lived, and the infant's legitimacy is also available. All this material will be brought together for the two years 1949-50, and for the whole of England and Wales. Since similar information for stillbirths was easily available at the same time they are also included in the inquiry. In addition, mortality in the second year of life of children born in 1949 is being studied. ' The factors considered here in relation to deaths occurring between the end of the fourth week of life and the end of the first year, the post-neonatal period, are: the age of the mother at delivery, the birth rank of the child,t the duration of the mother's marriage, the occupation and social class of the * A series of articles reporting an inquiry made jointly by the Social Medicine Research Unit (Medical Research Council) and the General Register Office. These articles (see References) were prepared by the Unit in collaboration with the General Register Office, and have been approved for publication by the joint working party responsible for the inquiry.
father, the region of the country where the parents were living at the time of the birth; the age of the infant at death, the cause of death, and the place of death, that is, whether the death occurred in hospital or not. Part I of the paper is concerned mainly with the relationship between the mother's age, the birth rank of the child, and mortality in the postneonatal period; Part II is concerned with the certified causes of that mortality. 
Material

Presentation
The basic data are presented in Tables I and 2 and Appendix Table A. The main diagrams present the mortality rates given in the tables in the form of mortality ratios calculated from these rates. In each part of the diagrams the overall mortality rate for the infants of mothers of all ages and parities is taken as 100 and the mortality rate for infants of mothers of a particular age and parity group is represented as a percentage of this overall rate. For example, in Fig. 1 , the overall mortality rate for all infants in the period 4 weeks to 6 months is 7 8 per 1,000. For the second and third children t Birth rank is defined here as the number of children borne by ARCHIVES OF DISEASE IN CHILDHOOD of mothers aged 20-24 years the rate is 13 7 per 1,000. If 7-8 is taken as 100, 13 7 becomes 176 and this is the ratio plotted in the figure.* Similarly, in the first section of Fig. 3 the mortality rate for all infants in social classes I and II is 5 * 5 per 1,000 and this rate is taken as 100. The mortality ratio is used rather than the rate because attention is paid here to the variation of mortality within each part of the diagrams. If crude rates were used the scale would obscure even large proportionate variations in the smaller rates.
To make the diagrams more easily read, birth ranks have been combined into three groups: first children, second and third children, and fourth and subsequent children. This grouping summarizes the main trends.
The vertical scale of the principal diagrams is a logarithmic one in order to give equal proportionate differences between ratios the same importance.
For example, a mortality ratio of 50 % is the same * The ratios plotted in the figures cannot be precisely checked from the tables since these ratios were calculated from rates worked to two decimal places. 
SOCIAL AND BIOLOGICAL FACTORS IN INFANT MORTALITY
In the first part of the post-neonatal period (from the age of 4 weeks to 6 months), ratios are lowest for mothers aged 30-39 years in each of the birth rank groups. There is a slight rise for mothers aged 40 and above and a steep rise of ratios with decreasing age from 30-34 to 16-19 years. The highest ratios in each birth rank group, therefore, are found in the youngest mothers. In Fig. I a the ratios for the same period are shown with three maternal age groups plotted against birth rank. For mothers in each age group, the ratios rise sharply with increasing birth rank, the increase being greater for young than for older mothers. In sum, the larger the family the greater is the risk for the baby; with similar size of family, the baby of the younger mother is at a higher risk of death than that of the older mother.
In the second half of the post-neonatal period (6 months to 1 year), the variation in ratios is less but a similar pattern is present. There are differences, however, the two most noticeable ones being the now more U-shaped curve for first children, and the much smaller rise in ratios for later children of young mothers, i.e. the effect of mother's age is less important than in the earlier period. In the second year of life, mortality ratios no longer show a very distinct pattern in relation to the mother's age.
In Fig. 2 the post-neonatal period is shown in more detail.* There are slight differences between the periods 4 weeks to 3 months and 3 months to 6 months, but it is clear that the main difference * Numbers of deaths and rates for four stages of the post-neonatal period are given in Appendix Table A second child within two years of marriage.) Fig. 4a compares the mortality rates of 'closely spaced' births (defined as second and third births in less than two and three years of marriage respectively) with all other second and third births in three age groups of mothers. In each age group, the 'closely spaced' births have higher mortality rates than the others. In Fig. 4b the mortality rates of first children born after less than one year of marriage are compared with those for first children born after a longer period. In the three maternal age groups, those born after less than one year are at a disadvantage. 'Duration of marriage', then, apparently reflects something in addition to birth spacing, since first children are also affected by it. 'Rapidity of breeding' cannot be the explanation.
Figs. 5a and b show the same phenomena in the three social class groupings. Once again, it is clear that this finding occurs within each social class group, and therefore cannot be 'explained' by social class differences, i.e. by assuming that most 'closely spaced' births occur in social classes IV and V, in the families of unskilled and semi-skilled labourers.
Other Factors. The social class and regional differences in mortality have long been known. The fact that the same patterns of mortality according to birth rank and mother's age are found in each of these classes, and in each of the regional groups indicates that there are also factors cutting across social class which affect the survival of infants in all social classes and regions. It Organization, 1948.) dying from an 'accident' than were those infants aged between I and 6 months during the summer. It has been shown before (Registrar General, 1954 ) that total infant mortality rates from 'accidents' are higher in the winter than in the summer.
It may be, therefore, that the majority of 'accidental' deaths in the post-neonatal period are due to infection and that infection in its broadest sense is the predominant cause of all deaths in this period.
We have shown, then, that the infants of young mothers, and especially of those with more than one child, are particularly liable to die of infection in the first part of the post-neonatal period, i.e. from 4 weeks to 6 months. Thereafter, this special vulnerability is less noticeable. This vulnerability is found in relation to other infants in the same social class and living in the same geographical area and it is increased if the mother has been married for only a relatively short time before the child is born (i.e. less than one year for the first child, less than two years for the second, less than three years for the third). In addition, these 'vulnerable' infants are, like others, exposed to increased risk with descending social class and with residence in the North of England or in Wales.
Once variations in mortality have been demonstrated between the infants of mothers of differing parities and ages, and in different social classes, three possibilities arise: either there are variations in the incidence of disease, or in the case fatality, or in both. This inquiry provides no Place of Death. To consider first the social class differences, it can be seen from Table 4 that the percentage of deaths in the post-neonatal period occurring in hospital in 1950 fell from 70% in class I to 52% in class V. (The striking difference is between class I and the rest.) In class I, therefore, probably 70% of those children who died had been under the care of paediatricians in hospital while in class V (whose total mortality was nearly four times that of class I) only 52 % of such children could have had that care. Either a much larger proportion of deaths in class V were sudden, or there was a failure to admit the seriously ill child to hospital. Although 'where the average standard of housing is relatively good . . . the paediatrician and family doctor . . . can often treat serious illness partly or wholly in the home' (Gairdner, 1956), it seems highly unlikely that deliberate selection of this kind would lead to more labourers' children than children of professional people being treated at home. It is more likely that a considerable proportion of the serious illness in infants of all classes except class I in 1950 was not under the care of specialists at all. In the most important cause of death in this period, respiratory infections, less than half the deaths in classes lI to V occurred in hospital. Fig. 8 shows the relationship between the mortality rate of maternal age-parity groups and the percentage of deaths in the group occurring in hospital. Like the social class distribution, the groups with the highest death rates, later children of young mothers, have the lowest percentage of deaths in hospital. From this point of view also, it appears that in 1950 infants at the greatest risk did not come under the care of paediatricians.
These differences in the amount of medical care provided suggest that some of the variations in mortality rates between social classes and between maternal age-parity groups may be attributable to differences in case fatalities arising from differences in the quality of the medical care received. Douglas (1951) and Grundy and Lewis-Faning (1957) have shown that the incidence of disease increases with descending social class. Thus probably both factors (incidence and case-fatality) vary with social class and may account for the different mortality rates between classes. The only evidence we can find about variations of incidence with maternal age and birth rank is given by Lowe and McKeown (1954 (Morris and Heady, 1955b) . Regional differences are also well known but these now appear to be diminishing.* The closing of the social class gap is obviously going to be a long-term process. The finding of the same vulnerable groups of infants, later babies of young mothers, and the similarity of the patterns of mortality by maternal age and birth rank within social classes seem to merit attention for two main reasons. First, because the special attention of the medical services to these vulnerable groups may be a way of speeding the reduction of the overall postneonatal mortality rates; and second, because it is possible that variations in mortality by maternal age and birth rank will become of increasing importance if and when differences between classes diminish.
We have shown that infant death rates are closely related to birth rank and mother's age and also that the majority of deaths in the post-neonatal period are probably due to infection. In other words, the pattern of mortality may reflect the impact of infection. It is interesting to look back to Fig. 1 in the light of this suggestion-The patternsof mortality ratios for stillbirths and for postneonatal deaths are radically different but the neonatal pattern can be described as a mixture of these two patterns. The neonatal pattern may be a combination of two quite different patterns, that of the pre-natal period (due to pre-natal causes), and that of the post-neonatal period (due predominantly to infection). In Fig. 1 , then, the curves are consistent with the idea that during the neonatal period the infant is still exposed to the effects of some pre-natal causes of disease and is also meeting external infection for the first time.
There are two independent findings to consider: first, that in the same birth rank, the babies of younger mothers have higher death rates; second, that for the same maternal age, babies of higher birth ranks have higher death rates.
To take first the infants of mothers of the same age, we have shown an increase in mortality with increasing birth rank in each maternal age-group, the greatest increase being for infants of mothers under 25 years of age. In addition the death rates * In the third paper of this series (Daly, Heady and Morris, 1955) it was shown that in 1949 post-neonatal death rates ranged from 7 0 in the Eastern Region to 17-9 in the Northern. In 1956, the range was from 5 3 in the South Western Region to 8 4 in the North Western Region (Registrar General, 1958). of infants born after a relatively short duration of marriage were higher than those of other infants. Taken together, these facts suggest that the difficulty of looking after a larger family where, especially if there are other very young children, there is a greater risk of infection, increases the risk of death for babies in such families. Badger, Dingle, Feller, Hodges, Jordan and Rammelkamp (1953) have shown that the incidence of respiratory infections in pre-school children rises with increasing size of family, while Brimblecombe, Cruickshank, Masters, Reid, Stewart and Sanderson (1958) have shown that crowding within the family is an important factor in the spread of acute respiratory infection, and such crowding is more likely in the larger families. However, an increased risk also applies to a first child born within a year of marriage compared to those born after a longer interval, which suggests that some less obvious factor also plays a part. Table 5 provides further evidence against the hypothesis that the greater difficulties of rearing a larger family account for all the observed differences in mortality rates. The mortality rate for infants of mothers who have lost a previous child from any cause are higher than for other infants, that is, the higher rates are in the families that are smaller by at least one child. Deaths from diarrhoea and enteritis, from bronchopneumonia and from 'other respiratory--diseases' have been selected for this comparison to obviate the possibility that previous loss of a child may have some purely medical bearing on the loss of the present one; it seems unlikely that previous loss would lead directly to increased risk of dying from gastro-enteritis or respiratory disease of a later infant.
Variations in the mortality rates of infants of the same birth rank with maternal age cannot be explained by any obvious hypothesis. For instance, the rates for first children rise from 5-7 per 1,000 for mothers aged 30-34 years to 14 2 per 1,000 for mothers of 16-19 years. It will be remembered that similar variations occurred within social classes (Fig. 3) and are therefore independent of social class.
It appears, then, that factors other than mere family size and the environmental factors such as income which are fairly directly reflected by the father's occupation must be sought to explain the patterns of mortality by maternal age and parity. There is no evidence from this inquiry about any variation of the incidence of disease by maternal age and parity or direct evidence about variations of case fatality rates. However, evidence that infants in the 'vulnerable group' may be failing to reach the care of paediatricians has been presented (Fig. 8 An interesting relationship has recently been demonstrated between the proportion of infant deaths in hospital and the use of medical services by mothers. Douglas and Blomfield (1958) , in their survey of children born in the first week of March, 1946, were able to identify a group of 558 mothers who made 'good use' of the ante-natal services (that is, had attended in the first three months of pregnancy) and to match this group (for sex, social group, birth rank of the child, and geographical area) with a similar number of 'poor users' (who attended in the last three months). They found that, out of five deaths in the post-neonatal period among infants of 'good use' mothers, four occurred in hospital, while out of 10 deaths among infants of 'poor users', only one occurred in hospital. Douglas and Blomfield (1958) (Spence, Walton, Miller and Court, 1954) In addition McDonald found that there was a tendency for Health Visitors to visit the homes of attenders at the clinics more often than the homes of non-attenders. It has also been noted (Douglas, 1951) that there may be a considerable delay before the Health Visitor makes her first call, and the young mother may be left to her own devices at perhaps her most difficult time, the first weeks following her return from hospital, or, in a home confinement, after the midwife has stopped visiting.
The hypothesis suggested by these facts is that young mothers are slower to seek medical advice about their infants, possibly because they are less able to recognize serious illness. This may be an indication of generally lower standards of maternal care. In other words, the factor which may be responsible for the higher mortality rates of infants of young mothers is poor maternal care. Maternal care is of recognized importance in the prevention of infant deaths but efforts to grade mothers according to their capability have not been very successful. For example, two recent studies (Spence et al., 1954; Grundy and Lewis-Faning, 1957) (1) Older mothers tended to make more use of sources of information about pregnancy and labour and 'irrespective of social class, give the impression of being more careful in their planning and preparation' (Baird and Scott, 1953) .
(2) The successful use of contraception is associated with a higher intelligence test grading of the wife within each social class (Baird and Scott, 1953) .
(3) Within social classes the mother's consumption of milk and vitamin concentrates rose steadily as maternal age increased (Marr, Hope, Stevenson and Thomson, 1955) .
The overall suggestion is that the younger mothers in each social class take less care during pregnancy and may well provide poorer care for their infants in the post-neonatal period.
The link between these findings relating to women having their first baby and the higher mortality rates of later infants of young mothers may be provided by another Aberdeen study which found that the younger the mother and the shorter the interval between marriage and the first birth, the greater the number of subsequent children (Baird, 1946) .
It appears, then, that the relatively high postneonatal mortality rates of both first and later infants of young mothers in all social classes may be related to a lower standard of maternal care. In other words, the 'biological' factors of maternal age, parity and duration of marriage, may, in the postneonatal period, reflect social factors, i.e. standards of maternal care. This is not to say that the standard of maternal care is the whole answer to this question of differential post-neonatal mortality rates within social classes. It is possible that real biological factors affect the vitality of the baby and its capacity to meet environmental stresses. It has been shown that the post-neonatal mortality rates of premature infants are considerably higher than those of mature infants (Gibson and McKeown, 1951) ; it is possible that variations in the mortality rates of mature infants may be related to poor nutrition or 'pregnancy stress' in the mother (Stott, 1957) . The work of Drillien (1957) and Illsley (1955) suggests that the childhood environment of the mother herself may play a part in this problem.
Epidemiology and Clinical Paediatrics. The inquiry reported here is an epidemiological approach to the problems of infant mortality. The uses of epidemiology (Morris, 1957) may be described at three levels. First, it aims at providing a total or representative picture of a situation, in the present instance the relationship between infant mortality rates and maternal age and the birth rank of the child. Patterns become obvious that could not be seen by the individual clinician; it is one way of 'completing the clinical picture' and 'identifying syndromes'. Secondly, it discovers problems; by locating vulnerable groups it shows empirically, regardless of the stage of understanding of aetiology, where health services should be concentrated. Lastly, by demonstrating differences between the death rates of various groups of infants it provides clues to aetiology.
An illustration of these three uses of epidemiology is provided by the analysis of 'accidental' deaths. At the first level, no clinician could see enough children with and without accidents to recognize the very striking relationship between the mother's age, the birth rank of the child, and post-neonatal death rates from accidents. At the second level, it can be shown (from Table 2 and Appendix Table A ) that 40% of the 'accidental' deaths occurred amongst a group of infants who comprised less than one-sixth of the births. This is the 'vulnerable group', the later infants of young mothers, and it provides a manageable target for Public Health and clinical services. If special attention were to be paid to this small group of infants (small in relation to all births), and their death rate brought down to that of other babies, there would be a reduction of 25% in the total post-neonatal deaths due to 'accidents'.
At the third level, in the search for causes, the data given here support the hypothesis that many 'accidental' deaths are due to respiratory infections. Barrett (1954) 1,000 in 1956 (Registrar General, 1958 , there is no reason to believe that the differences in rates according to maternal age and parity presented here have disappeared. It must, therefore, be important for the medical services to pay particular attention to these young mothers and to try to reduce the differential mortality within social classes as well as between them. Summary A distinctive pattern of mortality by maternal age and birth rank has been demonstrated in the postneonatal period. This pattern shows relatively high death rates for the infants of young mothers, with particularly high rates for the later children of such mothers; they form a vulnerable group of infants. The same pattern was found within the social classes and within geographical regions. It has also been shown that, independently of social class, the postneonatal mortality rate is higher for the infants of mothers whose duration of marriage is short in relation to the number of children they have borne.
The same pattern of mortality rates was found for all the major causes of death except congenital malformations. The seasonal distribution of deaths due to 'accidents' provides another indication that infection may play a part in such deaths. Some relationships between epidemiology and clinical paediatrics are considered.
